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(54) GRADATION CORRECTION DEVICE 



(57)Abstract: 

PURPOSE: To implement gradation correction processing with a large 
correction effect without causing deteriorated gradation near a black and a white 
level of a video signal. 

CONSTITUTION: The device is provided with a black level correction table 20 
suppressing a correction when gradation is corrected in a direction of a black 
level, in addition to gradation correction by a brightness histogram using a 
luminance signal as a parameter. Similarly the device is provided with a white 
level correction table 21 to suppress the correction in a white level direction. A 
correction arithmetic operation circuit 22 uses the tables to generate a 
luminance signal not causing deteriorated gradation even near a black level and 
a white level. Thus, the gradation correction processing with a large correction 
effect is implemented. 
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* NOTICES * 

JPO and IN PIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A gray-level-correction device comprising: 

An A/D converter which carries out digital conversion of the luminance signal 
which samples an inputted video signal and is included in the signal. 
A histogram memory which makes an address a luminance level of a digital 
luminance signal which said A/D converter outputs, inputs signal output 
frequency of each luminance level as data, and creates and memorizes a 
luminance histogram. 

A histogram arithmetic circuit which reads data of said histogram memory, 
computes a parameter which shows the feature of a luminance histogram from 



this data, and outputs a control value. 

A limiter level and a fixed aggregate value which said histogram arithmetic circuit 
outputs are given to said histogram memory, A limiting circuit and an adder 
circuit which amends shape of a histogram stored in said histogram memory, 
and makes said histogram memory memorize this amendment histogram data 
again, An accumulation control register circuit which extracts and outputs a 
signal of an accumulation start luminance level and an accumulation stop 
luminance level from an output of said histogram arithmetic circuit, A 
normalization control register circuit which carries out maximum luminance level 
extraction and is outputted from an output of said histogram arithmetic circuit, An 
output signal of said histogram memory and an output signal of an accumulation 
control register circuit are inputted, A histogram accumulation circuit which 
computes a cumulative histogram by reading and carrying out accumulation of 
the amendment histogram data of said histogram memory, An accumulation 
histogram memory which memorizes a computed result of said histogram 
accumulation circuit, A look-up table arithmetic circuit which reads data of said 
accumulation histogram memory and normalizes data of said accumulation 
histogram memory using an output signal of said normalization control register 
circuit, A look-up table which memorizes data which said look-up table arithmetic 
circuit outputs, A black-level-correction table which outputs a 



black-level-correction restraint amount for controlling gray level correction to the 
direction of black of a luminance signal near a black level based on an output 
signal of said A/D converter, A correcting operation circuit which carries out 
correcting operation to a luminance signal which said A/D converter outputs 
based on an adjustment signal acquired from said look-up table by making an 
output signal of said A/D converter into an address, and the amount of correction 
control obtained from said black-level-correction table. 

[Claim 2]The gray-level-correction device according to claim 1 being a thing 
characterized by comprising the following. 

The 1st multiplier that carries out the multiplication of the amendment restraint 
amount which said black-level-correction table outputs to data in which said 
look-up table outputs said correcting operation circuit. 

An adding machine which adds an output of said 1st multiplier to an output of 
said A/D converter. 

[Claim 3]A gray-level-correction device comprising: 

An A/D converter which carries out digital conversion of the luminance signal 

which samples an inputted video signal and is included in the signal. 

A histogram memory which makes an address a luminance level of a digital 



luminance signal which said A/D converter outputs, inputs signal output 
frequency of each luminance level as data, and creates and memorizes a 
luminance histogram. 

A histogram arithmetic circuit which reads data of said histogram memory, 
computes a parameter which shows the feature of a luminance histogram from 
this data, and outputs a control value. 

A limiter level and a fixed aggregate value which said histogram arithmetic circuit 
outputs are given to said histogram memory, A limiting circuit and an adder 
circuit which amends shape of a histogram stored in said histogram memory, 
and makes said histogram memory memorize this amendment histogram data 
again, An accumulation control register circuit which extracts and outputs a 
signal of an accumulation start luminance level and an accumulation stop 
luminance level from an output of said histogram arithmetic circuit, A 
normalization control register circuit which carries out maximum luminance level 
extraction and is outputted from an output of said histogram arithmetic circuit, An 
output signal of said histogram memory and an output signal of an accumulation 
control register circuit are inputted, A histogram accumulation circuit which 
computes a cumulative histogram by reading and carrying out accumulation of 
the amendment histogram data of said histogram memory, An accumulation 
histogram memory which memorizes a computed result of said histogram 



accumulation circuit, A look-up table arithmetic circuit which reads data of said 
accumulation histogram memory and normalizes data of said accumulation 
histogram memory using an output signal of said normalization control register 
circuit, A look-up table which memorizes data which said look-up table arithmetic 
circuit outputs, A white level compensation table which outputs a white level 
amendment restraint amount for controlling gray level correction for Shirakata of 
a luminance signal near a white level based on an output signal of said A/D 
converter, A correcting operation circuit which carries out correcting operation to 
a luminance signal which said A/D converter outputs based on an adjustment 
signal acquired from said look-up table by making an output signal of said A/D 
converter into an address, and the amount of correction control obtained from 
said white level compensation table. 

[Claim 4]The gray-level-correction device according to claim 3 being a thing 
characterized by comprising the following. 

The 2nd multiplier that carries out the multiplication of the amendment restraint 
amount which said white level compensation table outputs to data in which said 
look-up table outputs said correcting operation circuit. 

An adding machine which adds an output of said 2nd multiplier to an output of 
said A/D converter. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the gray-level-correction device 
which amends the gradation of a video signal in visual equipment, such as a 
television receiver, a videotape recorder, a video camera, and a video disk. 
[0002] 

[Description of the Prior Art]ln recent years, with enlargement of a color 
television receiver, and high-definition-izing, in order to show a picture more 
vividly, the gray-level-correction device is demanded. By letting a video signal 
pass to a nonlinear amplifier, a gray-level-correction device has many which 
amend the gradation of a video signal and expand the dynamic range of the 
image on CRT. 

[0003]An example of the conventional gray-level-correction device is explained. 
Drawing 3 is a block diagram showing the example of composition of the 
conventional gray-level-correction device. In this figure, A/D converter 1 is a 
circuit which changes an input luminance signal into a digital value. The 



histogram memory 2 is a memory which creates the data of a luminance 
histogram from the luminance signal outputted from A/D converter 1, and holds 
this data. The histogram memory 2 makes the luminance level of an input signal 
correspond to the address of a memory, and is using the frequency of the 
luminance distribution of a luminance signal as the data. 

[0004]The histogram arithmetic circuit 3 computes an average value [ of a 
luminance signal ], mode value, minimum, maximum, deviation coefficient, sober 
product, and black surface product etc. from the data of the histogram memory 2, 
It is a circuit which calculates and outputs each control value, such as a limiter 
level, fixed aggregate value, and accumulation start luminance level, an 
accumulation stop luminance level, and a maximum luminance level, from these 
operation data. The output of the histogram arithmetic circuit 3 is outputted to a 
limiting circuit and the adder circuit 4, the accumulation control register circuit 5, 
and the normalization control register circuit 6, respectively. 
[0005]A limiting circuit and the adder circuit 4 rework the data of the histogram 
memory 2. 

It is a circuit which adds restriction so that it may not become more than a level 
with the frequency of a luminance histogram, or adds a fixed aggregate value, 
and amends the level of a luminance histogram with the limiter level given from 
the histogram arithmetic circuit 3. 



The histogram data of amendment processed in the limiting circuit and the adder 
circuit 4 is again stored in the histogram memory 2. 

[0006]When the histogram accumulation control register circuit 5 asks for a 
cumulative histogram, it is a circuit which gives the accumulation start luminance 
level which the histogram arithmetic circuit 3 outputs, and an accumulation stop 
luminance level to the histogram accumulation circuit 7. The histogram 
accumulation circuit 7 is a circuit which accumulates the rework data in which the 
histogram memory 2 was stored, and computes a cumulative histogram with the 
accumulation start luminance level held in the accumulation control register 
circuit 5, and an accumulation stop luminance level. 

[0007]The accumulation histogram memory 8 is a memory which memorizes the 
result of the accumulation operation of the histogram accumulation circuit 7. This 
memory 8 also inputs a luminance level into an address, and inputs frequency 
into data. When the normalization control register circuit 6 normalizes the data of 
the cumulative histogram stored in the accumulation histogram memory 8 and 
creates a look-up table, it outputs the required data to the look-up table 
arithmetic circuit 9. That is, the normalization control register circuit 6 will output 
the normalization coefficient according to the value, if the maximum luminance 
level of the luminance signal after normalization is given from the histogram 
arithmetic circuit 3. 



[0008]The look-up table arithmetic circuit 9 is a circuit which normalizes the data 
of the accumulation histogram memory 8 based on the output signal of the 
normalization control register circuit 6. The look-up table 10 is a memory which 
memorizes the data normalized in the look-up table arithmetic circuit 9. 
A luminance level is made into an address and frequency is stored as the data. 
The timing control circuit 11 is a circuit which gives the clock signal and timing 
signal of each circuit part required for operation. 

An order of the operation of each circuit part, control of each memory, etc. are 
performed. 

[0009]Now, the correcting operation circuit 13 is a circuit which inputs the 
adjustment signal read from the look-up table 10, and the video signal outputted 
from A/D converter 1 by making the luminance level of each pixel into an 
address, and performs a gray-level-correction operation. D/A converter 14 is a 
circuit which changes the digital signal from the correcting operation circuit 13 
into the luminance signal of an analog. 

[0010]Operation of the gray-level-correction device constituted as mentioned 
above is explained. Drawing 4 and drawing 5 are the explanatory views showing 
the operating characteristic of each circuit part of a gradation correction circuit, 
respectively. First, the video luminance signal of television is sampled per frame. 



A sampling point considers it as many points in order to sample a screen 
uniformly, and it inputs the luminance signal a into A/D converter 1. A/D 
converter 1 changes the luminance signal of an analog into the digital luminance 
signal b. 

[0011]The histogram memory 2 makes an address the luminance level of this 
luminance signal b, carries out addition calculation of the number of times of 
data input of that address in a limiting circuit and the adder circuit 4, and holds 
that counting result. By performing such operation during the 1 vertical scanning, 
the luminance histogram of the input luminance signal a can be created. 
Drawing 4 (a) illustrates a luminance histogram. Here, the luminance level of an 
input luminance signal is distributed in the range of Ya-Yb, and the ingredient of 
the black level below Ya and the white level more than Yb does not exist, but is 
made into the narrow signal of a die nak range. The bright image region which 
has the luminance level Ym considers it as what has many [ and ] image regions 
of the luminance level Yn darker subsequently than this. 

[0012]Next, the histogram arithmetic circuit 3 reads the data of the histogram 
memory 2 in which this luminance histogram was stored, and an average value 
[ of the input luminance signal a ], mode value, minimum, maximum, deviation 
coefficient, sober product, and black surface product etc. are calculated. And the 
histogram arithmetic circuit 3 calculates each control value, such as a start 



luminance level of limiter level, fixed aggregate value, and accumulation 
calculation and a stop luminance level, and a maximum luminance level after 
normalization, from these calculation results, These control values e are given to 
a limiting circuit and the adder circuit 4, the accumulation control register circuit 5, 
and the normalization control register circuit 6, respectively. 
[0013]Next, a limiting circuit and the adder circuit 4 read the data shown in 
drawing 4 (a) from the histogram memory 2, slices a portion with high frequency 
of a histogram with the limiter level which the histogram arithmetic circuit 3 
outputs, and amends it in the state which shows in drawing 4 (b). The feature of 
a picture is made easy to emphasize the luminance change of a particular part 
and to hold, since this amendment does not have the difference of light and 
darkness in each pixel and the feature of a picture cannot hold it easily by the 
picture which has the same brightness component. A limiting circuit and the 
adder circuit 4 apply a fixed aggregate value to the histogram shown in drawing 
4 (b), and amends it again to the histogram shown in drawing 4 (c). This 
amendment opens a dynamic range to the whole, applying the narrow picture of 
the dynamic range of luminosity to the white level side from the black level side. 
[0014]Thus, the data in which the histogram was amended is again stored in the 
histogram memory 2. Amendment data writing timing to the histogram memory 2 
is performed within the vertical-retrace-line period of a video signal, and renewal 



of amendment data is made not to be performed during the gray level correction 
of a video signal. It outputs to the histogram accumulation circuit 7 by using this 
result as the amendment histogram data c. The histogram accumulation circuit 7 
performs accumulation of the inputted data, and creates cumulative histogram 
data. A cumulative histogram becomes linear shape, so that the fixed aggregate 
value which adds a cumulative histogram in a limiting circuit and the adder circuit 
4 is large here, and the large cumulative histogram of the influence of the original 
histogram is outputted, so that a fixed aggregate value is small. 
[0015]Next, the histogram accumulation circuit 7 calculates the cumulative 
histogram data f of the amendment histogram data c about within the limits of the 
accumulation start luminance level Yp given from the accumulation control 
register circuit 5, and the accumulation stop luminance level Yq, as shown in 
drawing 4 (c), This result is stored in the accumulation histogram memory 8. This 
data is shown in drawing 5 (d). 

[0016]The look-up table arithmetic circuit 9 reads data from the accumulation 
histogram memory 8, and calculates a normalization coefficient which serves as 
the maximum output luminance level Yq (=h) to which the maximum of the 
cumulative histogram data is given from the normalization control register circuit 
6. Based on this coefficient, the look-up table arithmetic circuit 9 calculates to the 
data g of a cumulative histogram, and, as a result, stores i in the look-up table 10. 



At this time, operation like automatic contrast control (ACL) and automatic bright 
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control (ABL) can be performed by controlling maximum output luminance level 
h. This relation is shown in drawing 5 (e). That is, to an input luminance level, 
within limits shown by a dotted line focusing on a solid line, the characteristic is 
amended and the output luminance level changes. 

[0017]Next, the correcting operation circuit 13 reads the data j from the look-up 
table 10 by making the input luminance signal b into an address, performs the 
gray-level-correction operation shown in drawing 5 (e) using the data j and input 
luminance signal b, and acquires the correction output luminance signal k. 
Drawing 5 (f) shows the histogram of the luminance signal after amendment. As 
for it, in drawing 5 (f), the luminance histogram after amendment turns out that 
the dynamic range is expanded to the range of the black level Yc - the white 
level Yd. It turns out that distribution centering on the white peak level Ym 
spreads right and left as compared with drawing 4 (a), and the dynamic range of 
the image region which has such luminosity is also expanded. Distribution 
centering on the black peak level Yn will also spread right and left as compared 
with drawing 4 (a). 

[0018]Now, D/A converter 14 is outputted to the indicator of a video device which 
changes this correction output luminance signal k into analog signal I, and does 
not illustrate it. The timing control circuit 11 controls operation of each circuit so 



that operation of signal processing is performed in an order which was described 
above. (Reference: Japanese Patent Application No. No. 265393 [ one to ] 
"g ray-level-correction device") 
[0019] 

[Problem(s) to be Solved by the lnvention]ln such a conventional 
gray-level-correction device, as shown in drawing 4 (a), when concentration of 
luminance distribution is seen by the inputted video signal, gradation is amended 
focusing on the concentration luminance level using the data of a luminance 
histogram. Although such amendment is effective for middle luminosity, when 
concentration of luminosity exists in a luminance level somewhat higher than a 
black level, as for the signal of a black level lower than this luminance level, 
amendment is performed in the direction to which a luminance level becomes 
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low further. When the large correction effects of middle luminosity were taken at 
this time, on a certain screen, there was a problem that the gradation in a black 
level was crushed. 

[0020]When concentration of luminosity exists in a luminance level somewhat 
lower than a white level, as for the signal of a white level higher than this 
luminance level, amendment is performed in the direction to which a luminance 
level becomes high further. When the large correction effects of middle 
luminosity were taken at this time, on a certain screen, there was also a problem 



that the gradation in a white level was crushed. 

[0021]This invention is made in view of such a conventional problem, and the 
invention of claim 1 does not cause gradation crushing in near a black level, but 
aims to let the whole correction effects realize the gray-level-correction device 
which becomes large. 

[0022]The invention of claim 2 does not cause gradation crushing in near a white 
level, but aims to let the whole correction effects realize the gray-level-correction 
device which becomes large. 
[0023] 

[Means for Solving the Problem]An invention of claim 1 of this application is 
provided with the following. 

An A/D converter which carries out digital conversion of the luminance signal 

which samples an inputted video signal and is included in the signal. 

A histogram memory which makes an address a luminance level of a digital 

luminance signal which an A/D converter outputs, inputs signal output frequency 

of each luminance level as data, and creates and memorizes a luminance 

histogram. 

A histogram arithmetic circuit which reads data of a histogram memory, 
computes a parameter which shows the feature of a luminance histogram from 
this data, and outputs a control value, A limiter level and a fixed aggregate value 



which a histogram arithmetic circuit outputs are given to a histogram memory, A 
limiting circuit and an adder circuit which amends shape of a histogram stored in 
a histogram memory, and makes a histogram memory memorize this 
amendment histogram data again, An accumulation control register circuit which 
extracts and outputs a signal of an accumulation start luminance level and an 
accumulation stop luminance level from an output of a histogram arithmetic 
circuit, A normalization control register circuit which carries out maximum 
luminance level extraction and is outputted from an output of a histogram 
arithmetic circuit, A histogram accumulation circuit which computes a cumulative 
histogram by inputting an output signal of a histogram memory, and an output 
signal of an accumulation control register circuit, and reading and carrying out 
accumulation of the amendment histogram data of a histogram memory, Read 
data of an accumulation histogram memory which memorizes a computed result 
of a histogram accumulation circuit, and an accumulation histogram memory, 
and an output signal of a normalization control register circuit is used, A look-up 
table arithmetic circuit which normalizes data of an accumulation histogram 
memory, A look-up table which memorizes data which a look-up table arithmetic 
circuit outputs, A black-level-correction table which outputs a 
black-level-correction restraint amount for controlling gray level correction to the 
direction of black of a luminance signal near a black level based on an output 



signal of an A/D converter, A correcting operation circuit which carries out 
correcting operation to a luminance signal which an A/D converter outputs based 
on an adjustment signal acquired from a look-up table by making an output 
signal of an A/D converter into an address, and the amount of correction control 
obtained from a black-level-correction table. 

[0024]An invention of claim 3 of this application is provided with the following. 

An A/D converter which carries out digital conversion of the luminance signal 

which samples an inputted video signal and is included in the signal. 

A histogram memory which makes an address a luminance level of a digital 

luminance signal which an A/D converter outputs, inputs signal output frequency 

of each luminance level as data, and creates and memorizes a luminance 

histogram. 

A histogram arithmetic circuit which reads data of a histogram memory, 
computes a parameter which shows the feature of a luminance histogram from 
this data, and outputs a control value, A limiter level and a fixed aggregate value 
which a histogram arithmetic circuit outputs are given to a histogram memory, A 
limiting circuit and an adder circuit which amends shape of a histogram stored in 
a histogram memory, and makes a histogram memory memorize this 
amendment histogram data again, An accumulation control register circuit which 



extracts and outputs a signal of an accumulation start luminance level and an 
accumulation stop luminance level from an output of a histogram arithmetic 
circuit, A normalization control register circuit which carries out maximum 
luminance level extraction and is outputted from an output of a histogram 
arithmetic circuit, A histogram accumulation circuit which computes a cumulative 
histogram by inputting an output signal of a histogram memory, and an output 
signal of an accumulation control register circuit, and reading and carrying out 
accumulation of the amendment histogram data of a histogram memory, Read 
data of an accumulation histogram memory which memorizes a computed result 
of a histogram accumulation circuit, and an accumulation histogram memory, 
and an output signal of a normalization control register circuit is used, A look-up 
table arithmetic circuit which normalizes data of an accumulation histogram 
memory, A look-up table which memorizes data which a look-up table arithmetic 
circuit outputs, A white level compensation table which outputs a white level 
amendment restraint amount for controlling gray level correction for Shirakata of 
a luminance signal near a white level based on an output signal of an A/D 
converter, A correcting operation circuit which carries out correcting operation to 
a luminance signal which an A/D converter outputs based on an adjustment 
signal acquired from a look-up table by making an output signal of an A/D 
converter into an address, and the amount of correction control obtained from a 



white level compensation table. 
[0025] 

[Function]According to the invention of claim 1 of this application which has such 
a feature, an A/D converter samples an inputted video signal with a specific 
cycle, and carries out digital conversion of the luminance signal included in the 
signal. A histogram memory makes an address the luminance level of the digital 
luminance signal which an A/D converter outputs, inputs the signal output 
frequency of each luminance level as data, and creates and memorizes a 
luminance histogram. A histogram arithmetic circuit reads the data of a 
histogram memory, computes the parameter which shows the feature of a 
luminance histogram from this data, and outputs a control value. A limiting circuit 
and an adder circuit give the limiter level and fixed aggregate value which a 
histogram arithmetic circuit outputs to a histogram memory, amends the shape 
of the histogram stored in the histogram memory, and makes a histogram 
memory memorize this amendment histogram data again. An accumulation 
control register circuit extracts and outputs the signal of an accumulation start 
luminance level and an accumulation stop luminance level from the output of a 
histogram arithmetic circuit. From the output of a histogram arithmetic circuit, a 
normalization control register circuit carries out maximum luminance level 
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extraction, and outputs. It computes a cumulative histogram by a histogram 
accumulation circuit inputting the output signal of a histogram memory, and the 
output signal of an accumulation control register circuit, and reading and 
carrying out accumulation of the amendment histogram data of a histogram 
memory. An accumulation histogram memory memorizes the computed result of 
a histogram accumulation circuit. A look-up table arithmetic circuit reads the data 
of an accumulation histogram memory, and normalizes the data of an 
accumulation histogram memory using the output signal of a normalization 
control register circuit. A look-up table memorizes the data which a look-up table 
arithmetic circuit outputs. On the other hand, a black-level-correction table 
outputs the black-level-correction restraint amount for controlling the gray level 
correction to the direction of black of the luminance signal near a black level 
based on the output signal of an A/D converter. Next, a correcting operation 
circuit carries out correcting operation to the luminance signal which an A/D 
converter outputs using the adjustment signal acquired from the look-up table by 
making the output signal of an A/D converter into an address, and the amount of 
correction control obtained from the black-level-correction table. Thus, if 
luminosity is processed, gradation crushing cannot be caused in near a black 
level, but gray level correction of the whole luminance level can be performed 
effectively. 



[0026]According to the invention of claim 3 of this application, an A/D converter 
samples an inputted video signal with a specific cycle, and carries out digital 
conversion of the luminance signal included in the signal. A histogram memory 
makes an address the luminance level of the digital luminance signal which an 
A/D converter outputs, inputs the signal output frequency of each luminance 
level as data, and creates and memorizes a luminance histogram. A histogram 
arithmetic circuit reads the data of a histogram memory, computes the 
parameter which shows the feature of a luminance histogram from this data, and 
outputs a control value. A limiting circuit and an adder circuit give the limiter level 
and fixed aggregate value which a histogram arithmetic circuit outputs to a 
histogram memory, amends the shape of the histogram stored in the histogram 
memory, and makes a histogram memory memorize this amendment histogram 
data again. An accumulation control register circuit extracts and outputs the 
signal of an accumulation start luminance level and an accumulation stop 
luminance level from the output of a histogram arithmetic circuit. From the output 
of a histogram arithmetic circuit, a normalization control register circuit carries 
out maximum luminance level extraction, and outputs. It computes a cumulative 
histogram by a histogram accumulation circuit inputting the output signal of a 
histogram memory, and the output signal of an accumulation control register 
circuit, and reading and carrying out accumulation of the amendment histogram 



data of a histogram memory. An accumulation histogram memory memorizes 
the computed result of a histogram accumulation circuit. A look-up table 
arithmetic circuit reads the data of an accumulation histogram memory, and 
normalizes the data of an accumulation histogram memory using the output 
signal of a normalization control register circuit. A look-up table memorizes the 
data which a look-up table arithmetic circuit outputs. On the other hand, a white 
level compensation table outputs the white level amendment restraint amount for 
controlling the gray level correction for Shirakata of the luminance signal near a 
white level based on the output signal of an A/D converter. Next, a correcting 
operation circuit carries out correcting operation to the luminance signal which 
an A/D converter outputs using the adjustment signal acquired from the look-up 
table by making the output signal of an A/D converter into an address, and the 
amount of correction control obtained from the white level compensation table. 
Thus, if luminosity is processed, gradation crushing cannot be caused in near a 
white level, but gray level correction of the whole luminance level can be 
performed effectively. 
[0027] 

[Example]The gray-level-correction device in one example of this invention is 
explained referring to drawing 1 . Drawing 1 shows the block diagram showing 
the composition of the gray-level-correction device of this example. In this figure, 
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A/D converter 1, the histogram memory 2, the histogram arithmetic circuit 3, a 
limiting circuit and an adder circuit 4, the accumulation control register circuit 5, 
the normalization control register circuit 6, the histogram accumulation circuit 7, 
the accumulation histogram memory 8, the look-up table arithmetic circuit 9, It is 
the same as that of a conventional example that the look-up table 10, the timing 
control circuit 11, and D/A converter 14 are formed, respectively, and the 
explanation is omitted. 

[0028]The black-level-correction table 20 is a circuit which inputs the output 
signal of A/D converter 1 , generates the amendment restraint amount of the gray 
level correction near a black level from the luminance level of each pixel of the 
video signal before amendment, its correction direction, etc. so that black 
crushing may not arise, and outputs the signal of a restraint amount. The white 
level compensation table 21 is a circuit which inputs the output signal of A/D 
converter 1, generates the amendment restraint amount of the gray level 
correction near a white level from the luminance level of each pixel of the video 
signal before amendment, its correction direction, etc. so that white crushing 
may not arise, and outputs the signal of a restraint amount. 
[0029]The luminance signal with which A/D converter 1 outputs the correcting 
operation circuit 22, the amendment data obtained from the look-up table 10, It is 
a circuit which inputs the black-level-correction restraint amount obtained from 



the black-level-correction table 20, and the white level amendment restraint 
amount obtained from the white level compensation table 21, respectively, and 
performs a gray-level-correction operation. The correcting operation circuit 22 is 
constituted by the multipliers 22a and 22b and the adding machine 22c as 
shown, for example in drawing 1 . The 1st multiplier 22a is a circuit which 
performs the multiplication of the signal of the look-up table 10, and the signal of 
the white level compensation table 21. The 2nd multiplier 22b is a circuit which 
performs the multiplication of the output of the multiplier 22a, and the 
black-level-correction table 20. The adding machine 22c is a circuit adding the 
output of the multiplier 22b, and the signal of A/D converter 1. D/A converter 14 
is a circuit which changes into an analog signal the digital output amended in the 
correcting operation circuit 22. 

[0030]Only operation of the portion added to the conventional example about the 
gray-level-correction device of this example constituted in this way is explained. 
Drawing 2 is an explanatory view showing the operating characteristic of each 
circuit part of the gray-level-correction device of this example. First, the data of 
the look-up table 10 is read by making into an address the input luminance 
signal by which digital conversion was carried out with A/D converter 1 . If it does 
so, as shown in drawing 2 (a), the gray-level-correction data according to the 
luminance level for every pixel will be given to the multiplier 22a. 



[0031]Next, when the amendment data read from the look-up table 10 is 
gradation extension data to the direction of black, according to each luminance 
signal of the image which A/D converter 1 outputs, a black-level-correction 
control value as shown in drawing 2 (b) from the black-level-correction table 20 
is read. When the amendment data read from the look-up table 10 is gradation 
extension data for Shirakata, as shown in drawing 2 (c), according to each 
luminance signal of the image which A/D converter 1 outputs, a white level 
amendment control value is read from the white level compensation table 21. 
These amendment data is given to the multipliers 22a and 22b, and is used as a 
multiplication coefficient which amends. 

[0032]Namely, based on the luminance signal with which A/D converter 1 
outputs the correcting operation circuit 22, The gray-level-correction data 
according to the luminance level is read from the look-up table 10, and 
multiplication is performed with the black-level-correction control value which the 
black-level-correction table 20 outputs, and the white level amendment control 
value which the white level compensation table 21 outputs. And in the adding 
machine 22c, the luminance signal by which added the adjustment signal of 
white or a black part to the luminance level which is not amended [ which A/D 
converter 1 outputs ], and comprehensive amendment was carried out is 
generated. 



[0033]For example, amendment of shifting to a white side a little so that a 
black-level-correction control value may show the luminance distribution of the 
pixel shifted to the black side as shown in drawing 2 (a) in the range of the black 
levels Yb1-Yb2 in the range of the black levels Yb3-Yb4 shown in drawing 2 (d) 
is performed. Thus, by reducing the gray-level-correction effect to the direction of 
black of the signal near a black level, black crushing is improvable. 
[0034]Amendment of shifting to the black side a little the luminance distribution 
of the pixel shifted to the white side as shown in drawing 2 (a) in the range of the 
white levels Yw1-Yw2 with a white level amendment control value at drawing 2 
(d) so that it may be shown in the range of the white levels Yw3-Yw4 is 
performed. Thus, by reducing the gray-level-correction effect for Shirakata of the 
signal near a white level, white crushing is improvable. 

[0035]D/A converter 14 changes into an analog signal the digital luminance 
signal by which gray level correction was carried out, and outputs the luminance 
signal given to an indicator to the last. Thus, in near a black level, gradation 
crushing is not caused in near a white level, but it becomes possible to perform 
big gray-level-correction processing of correction effects. 
[0036] 

[Effect of the Invention] As explained to details above, when gradation is 
amended in the direction of black about the luminance signal near a black bell by 



having provided the black-level-correction table according to the invention of 
claim 1 of this application, the correction amount can be controlled. That is, 
gradation crushing is not caused in near a black level, but it becomes possible to 
enlarge the gray-level-correction effect of the whole luminance level. 
[0037]According to the invention of claim 3 of this application, when gradation is 
amended for Shirakata about the luminance signal near a white level by having 
provided the white level compensation table, the correction amount can be 
controlled. That is, gradation crushing is not caused in near a white level, but it 
becomes possible to enlarge the gray-level-correction effect of the whole 
luminance level. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a block diagram showing the composition of the 

gray-level-correction device in one example of this invention. 

[Drawing 2] lt is an explanatory view showing the operating characteristic of the 

gray-level-correction device in the example of this invention. 

[Drawing 3] lt is a block diagram showing the example of composition of the 



conventional gray-level-correction device. 

[Drawing 4] lt is an explanatory view (the 1) showing the operating characteristic 
of the conventional gray-level-correction device. 

[Drawing 5] lt is an explanatory view (the 2) showing the operating characteristic 
of the conventional gray-level-correction device. 
[Description of Notations] 

1 A/D converter 

2 Histogram memory 

3 Histogram arithmetic circuit 

4 A limiting circuit and an adder circuit 

5 Accumulation control register circuit 

6 Normalization control register circuit 

7 Histogram accumulation circuit 

8 Accumulation histogram memory 

9 Look-up table arithmetic circuit 

10 Look-up table 

1 1 Timing control circuit 
14 D/A converter 

20 Black-level-correction table 

21 White level compensation table 



22 Correcting operation circuit 
22a and 22b Multiplier 
22c Adding machine 
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